Digoxin is used for heart failure associated to systolic dysfunction and high ventricular rate. It has a narrow therapeutic range and intoxication may occur due to drug interactions or comorbidities. The aim of this work was to study digoxin use in a public health unit delineating the profile of patients susceptible to digitalis intoxication. Medical records belonging to patients admitted to the cardiomyopathy ward of the health unit (2009)(2010) and in use of digoxin were analyzed. Among 647 patients admitted, 185 individuals using digoxin and possessed records available. The registration of plasma digoxin concentration was found in 80 records and it was out of the therapeutic range in 42 patients (52.5%). This group of individuals was constituted mainly by males patients (79%), functional class III of heart failure (65%), exhibiting renal failure (33%). The evaluated sample reflects the epidemiology of heart failure in Brazil and, although pharmacotherapy had been according to Brazilian Guidelines, apparently the monitoring was not performed as recommended. This work highlighs the necessity of plasma digoxin constant monitoring during pharmacotherapy and the development of protocols that enable a safer use, especially in male patients, functional class III and with renal dysfunction.
INTRODUCTION
Digoxin is a drug that inhibits Na + K + ATPase active transport, raising cytosolic Na + concentration and consequently favoring Ca 2+ uptake by the sarcoplasmic reticulum through the reversal of Na + / Ca 2+ exchange, leading to an increase of myocardial contractility (Ooi and Colucci 2003) . It is indicated for patients with heart failure (HF) presenting systolic dysfunction, associated with high ventricular rate in atrial fibrillation, with current or prior symptoms (DIG, The Digitalis Investigation Group 1997). The DIG study showed that hospitalization rate related to heart failure worsening is lower for patients taking digoxin than for patients on placebo, although there is no statistically difference about mortality between these groups. Digoxin is commonly prescribed at a daily dose of 0.125 or 0.25 mg per orally (Bocchi et al. 2009 ). Studies comparing serum digoxin levels with efficacy and safety show that concentrations between 0.5 and 0.9 ng/mL had greater benefit, including lower mortality and hospitalization, in men with left ventricular ejection fraction (LVEF) less than or equal to 45% (Rathore et al. 2003) , in FELIPE C. SOUZA, EMILIANA B. MARQUES, ROGÉRIO B.M. BARROS and CHRISTIANNE B.V. SCARAMELLO patients with HF (Ahmed et al. 2006 (Ahmed et al. , 2008 and in elderly patients with HF (Ahmed 2007).
Due to its narrow therapeutic range (0.8 to 2.0 ng/mL), also named therapeutic window, digoxin requires constant monitoring of plasma concentration (Cp) (Souza et al. 2013 , Montera et al. 2009 ). Values of Cp above therapeutic range are associated with digitalis intoxication, a serious condition that involves cardiac arrhythmias, central changes, visual and gastrointestinal disturbances (Figueiredo and Machado 2010) . Intoxication may occur due to drug interactions or health status that change digoxin pharmacokinetic parameters and can be avoided by the adjustment of digitalis therapeutic regimen (Ooi and Colucci 2003, Souza et al. 2013 ). In the elderly, a decrease about 50% of renal functional capacity is expected and this fact is associated to drugs accumulation in the body with consequent elevation of Cp for extended periods of time (Ewing 2002) . Thus, this work aims to study digoxin use in a public health unit delineating the profile of patients with greatest risk of digitalis intoxication. This study was based on data, including digitalis Cp, presented in the records of several patients using digoxin orally and admitted to the cardiomyopathy ward of a public health unit between 2009 and 2010.
MATERIALS AND METHODS
This retrospective study was conducted through the inquiry of records belonging to patients admitted to the cardiomyopathy ward of the Instituto Nacional de Cardiologia (INC), a public health unit, between 2009 and 2010. The focus was inpatients using digoxin orally. Data, including this drug's Cp, were collected through individual forms and digoxin use pattern was analyzed by gender; age; functional class of HF (NYHA), if present; comorbidities and drug associations to digoxin. For these last two, just diseases/drugs with higher incidence were recorded.
This study was registered and approved by the Ethics Committee in Research of the INC, under no 0306/07-12-10.
RESULTS
During the period considered, 647 patients were admitted to the cardiomyopathy ward, and 194 made use of digoxin. However, only 185 records were available. Among the records analyzed, it was observed that 29 patients did not have HF. Among patients with HF (156), most were classified in the functional class III (NYHA) disease (52%). Additionally, it was also observed that these subjects were mostly males (64%), aged between 21 and 60 years-old (73%), with comorbidities such as arterial hypertension (48%), atrial fibrillation (37%), renal failure (18%) and who were using other drugs such furosemide (89%), angiotensin-converting enzyme inhibitors (ACEI)/angiotensin receptor blockers (ARB) (78%), carvedilol (60%), enoxaparin (48%), warfarin (23%) and omeprazole (19%) concomitantly to digoxin.
The registry of plasma digoxin levels was found only in 80 (41%) of these available records being Cp out of the therapeutic range in 42 patients, i.e., 52.50% of these 80 subjects. Among patients with Cp out of the therapeutic range, 25 subjects (31.25%) had records above the upper limit of 2.0 ng/mL, 12 patients (15.00%) had records below the lower limit of 0.8 ng/mL and 5 patients (6.25%) had records both above and below these limits (Table I) . Signs of digitalis intoxication were occasionally described in the records of the patients with Cp above therapeutic window. It was admitted total adherence of these inpatients to treatment. Digoxin is administered in a standard daily dose of 0.125 mg or 0.25 mg to patients admitted to the cardiomyopathy ward of the Instituto Nacional de Cardiologia. These data are important because time and dosage of prescription impact the reach and maintenance of plasma concentration within the therapeutic window.
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Table II details the profile of patients with digoxin Cp out of (42) and within (38) the therapeutic range. Most subjects were male in both groups, but the percentage of men among patients with Cp out of the therapeutic range (79%) was higher than that of the group of patients with Cp within the therapeutic range (68%). In both groups patients were mainly between 21-60 years-old, representing 76% and 77% of subjects with Cp out of and within the therapeutic window, being 41-60 years-old the predominant age range. The majority of those patients were also in functional class III, but the incidence of this class among patients with Cp out of the therapeutic range (65%) was higher compared with patients with Cp within the therapeutic range (45%). With regards to comorbidities, table II also shows that the incidence of hypertension and atrial fibrillation was similar between patients with Cp out of and within the therapeutic range. Differences seem to be present between these groups with regard to renal failure, dyslipidemia and diabetes mellitus incidence. However, differences regarding drug combinations with digoxin were not noteworthy.
DISCUSSION
Acute heart failure can be defined as a rapid onset or change in clinical signs and symptoms of HF, FELIPE C. SOUZA, EMILIANA B. MARQUES, ROGÉRIO B.M. BARROS and CHRISTIANNE B.V. SCARAMELLO resulting in urgent need for therapy. Acute HF can also be due to new or worsening of pre-existing HF (chronic decompensated HF) (Ewing 2002). According to Bocchi et al. (2009) , data from Unified Health System (Sistema Único de Saúde, SUS) show that the highest number of hospitalizations and deaths encompasses males of 20-59 years-old in Brazil. In the last census (2010) it was observed that the elderly population is increasing in this country and consequently, so is the frequency of at-risk patients or patients with HF. The prevalence of HF with reduced LVEF in men was ratified (Bocchi et al. 2012) .
The cardiomyopathy ward of INC is a specialized inpatient unit of HF and cardiac transplantation. This justifies the fact that most patients taking digoxin in the present study are in class III regarding the disease severity. It was also observed that these subjects were predominantly male, aged between 21 and 60 years, reflecting the data reported by Unified Health System.
In general systolic dysfunction is found in 55% of patients with decompensated heart failure, with hypertension being the second most common etiology (20.8%) (Bocchi et al. 2012) . Atrial fibrillation affects about 20%-30% of patients with acute HF and can conceptually result in reduced contractility and cardiac output, with deterioration of diastolic dysfunction and exacerbation of acute HF (Montera et al. 2009 ). The prevalence of renal failure in outpatients with HF can reach 29.6%. The association of cardiac and renal disease persists as a marker of bad prognosis in patients with chronic HF (Bocchi et al. 2012) . So the present work suggests that the population studied in this work reflects Brazilian reality since comorbidities such as hypertension (45%), atrial fibrillation (45%) and renal insufficiency (33%) were frequently observed in patients with Cp of digoxin out of the therapeutic range in which the subjects were mostly males with ages ranging from 21 to 60 years-old.
Literature demonstrates a progressive increase in serum digoxin levels related to a decrease of digitalis renal clearance due to age (Souza et al. 2013 , Yukawa et al. 2011 . The reduction of digoxin clearance to about 50% of its normal value (0.80 mL/ min/kg) results in an increased half-life (Yukawa et al. 2011) , which can favor values of Cp out of the therapeutic range, as observed in this study with patients with renal failure using digitalis (33%).
Digoxin is not prescribed as an inotropic in acute HF. The digitalis is indicated for symptomatic chronic HF patients with LVEF less than 45% and optimized betablocker and ACE inhibitor therapy presenting sinus rhythm (aiming symptoms improvement -Class of recommendation I, level of evidence A) or in cases of atrial fibrillation occurrence (focusing on heart rate control -Class of recommendation I, level of evidence C). It is contraindicated for individuals with asymptomatic sinus rhythm or with an LVEF equal to or greater than 45% (class of recommendation III, level of evidence C) (Bocchi et al. 2012) . In the present study, we observed that this drug was correctly prescribed to inpatients of the cardiomyopathy ward during the evaluated period.
DIG study demonstrated an association between Cp of digoxin and its clinical benefit. During three years of observation, there was a reduction in mortality and even a decrease of hospitalizations due to HF related to patients with Cp between 0.5-0.9 ng/mL (The Digitalis Investigation Group 1997). As Cp interferes in the benefit related to digitalis, its measurement should be performed to ensure the maintenance of the levels within 0.5-0.9 ng/mL (Montera et al. 2009 ). Nevertheless in this study it was observed that this measurement was not performed in most of the patients admitted to the cardiomyopathy ward of the INC between 2009 and 2010 whose records were available and Cp values had been registered. The Cp evaluation of digoxin must be done between 12-24 hours after the last dose (Montera et al. 2009 ).
Digoxin has vagomimetic and simpaticoinhibitory properties which contribute to heart rate control STUDY OF DIGOXIN USE effectiveness when associated to betablockers, especially in patients with atrial fibrillation. Although this drug has not been tested in randomized clinical trials, digitalis is recommended associated to beta blockers, or even before its introduction, aiming towards the control of heart rate in patients with decompensated HF presenting systolic dysfunction, atrial fibrillation and ventricular response lower than 80 bpm (Montera et al. 2009 ).
Pharmacokinetic interaction between carvedilol and digoxin has been previously reported. This betablocker increases digoxin serum levels when administered concomitantly to digitalis via oral route. This is possible because these two drugs are glycoprotein P substrates (Baris et al. 2006) . Men seem to present higher activity of glycoprotein P compared to women, so literature suggests that this drug interaction would be clinically significant in males, leading to this digitalis bioavailability increase and the obtainment of digoxin Cp values out of the therapeutic range (Baris et al. 2006 ) as observed in this study.
Betablockers prolong life and reduce the risk of disease progression in patients with chronic HF. They present class of recommendation I for HF treatment, including asymptomatic systolic dysfunction, and level of evidence A or B depending on the presence or the absence of symptoms, respectively. When associated to ACEI/ ARB, these drugs demonstrate clinical benefit in overall mortality due to HF and sudden death, lead to symptoms improvement and reduction of HF readmission (Bocchi et al. 2012) .
In the present work it was also noted that 78% of patients taking digoxin did so concomitantly to ACEI/ARB use, and this association was more frequent among subjects with Cp within therapeutic range (87%) than among patients with values of Cp out of these limits (76%). According to the study of Kirimli et al. (2001) , no evidence of toxicity was observed in patients using digoxin associated to captopril, an ACE inhibitor. De Smet et al. (1995) showed that multiple oral doses of the ARB losartan did not alter digoxin pharmacokinetics, regardless whether the drug was being administered orally or intravenous ly. ACEI and ARB are recommended for chronic use in cases of asymptomatic and symptomatic left ventricular dysfunction (class of recommendation I, level of evidence A) (Bocchi et al. 2012) .
The use of these drugs by patients with acute HF is related to pre and afterload decrease. Several strategies have been discussed regarding the use of intravenous vasodilator to attain this purpose. The use of ACEI/ARB during the management of a decompensation episode must be judiciously evaluated and it is important to identify patients with decompensated HF who use these medications chronically from those who do not. Treatment with these drugs should be kept to maintain a more stable clinical course in patients on chronic use in the absence of contraindications (history of angioedema, bilateral renal artery stenosis, severe aortic stenosis, potassium serum levels above 5.0 mEq/L, creatinine serum levels greater than 2.5 mg/dL, hypotension with evidence peripheral hypoperfusion, recent worsening of renal function) (Montera et al. 2009 ).
Intravenous diuretics are indicated to improve symptoms of hypervolemia and congestion in decompensated HF, however they are deleterious to the renal function in the long run (Montera et al. 2009 ). The class of recommendation of loop diuretics is I in patients with symptomatic chronic HF, presenting signs and symptoms of congestion, being C the level of evidence (Bocchi et al. 2012) . As seen in this and other studies, the combination digoxin/furosemide is very common (Moura et al. 2009) . A pharmacodynamic interaction is observed during this drug association because loop diuretics are kaliuretics (Montera et al. 2009 ) and the bind of the digitalis to its pharmacological receptor is favored when potassium extracellular levels are decreased (Ooi and Colucci 2003) . However, it STUDY OF DIGOXIN USE class III (NYHA) who are exhibiting renal failure. There are some studies about pharmacokinetics of digoxin using healthy volunteers but the shown data substantiate the need of digoxin pharmacokinetic studies involving patients with HF in order to enable a safer prescription of digoxin.
RESUMO
A digoxina é usada para insuficiência cardíaca associada 
